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This meta-article aims to explore the role of uncertainty in knowing in
informal science learning contexts. Subjects (N=2591) were sixth-graders
from four countries. In addition to the correct and incorrect questionnaire
alternatives, there was a “don’t know” option to choose if uncertain of the
answer. The unique path-analysis finding showed that the role of
motivation was uniformly positive on correct and negative on uncertainty of
answers. In all contexts the number of correct answers increased, incorrect
and uncertain answers decreased. Interestingly, although there was no
more difference in knowledge pro boys after the intervention, the girls were
still more uncertain.
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Introduction Uncertainty is a phenomenon everyone recognizes from their own experience of
everyday situations or of more demanding tasks — including, of course, formal test
situations. As Lindley [2013, p. 2] puts it: “Uncertainty is everywhere and you
cannot escape it”. However, uncertainty of knowing is a rather un-explored area in
informal education. Science exhibitions serve as informal learning interventions,
they are not related to grading and assessment, but instead they aim to motivate
pupils to explore, do hands-on experimentation, and to gain both content and
procedural science knowledge and deeper understanding. Because the aspect of
assessment is missing, unlike in studying at school [Nasir et al., 2006], the pupils do
not have to be afraid of failure or mistakes [cf. Oppenheimer, 1968]. This is
especially important, because the traditional school science instruction has been
seen as failing to motivate student’s interest in science and to further elaborate that
interest [Goldschmidt and Bogner, 2015; Metz, 2008].

Learning from informal sources and in out of school environment has, in turn, been
found to be effective and motivating [Osborne and Dillon, 2008; Fenichel and
Schweingruber, 2010]. Interventions encouraging exploration and inquiry have
resulted in significant learning and motivation in regard to science content and
process knowledge, to science concepts and scientific inquiry [see Cotabish et al.,
2013; Banilower, Fulp and Warren, 2010; Baldassari, 2008].
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The informal science learning environment has also been shown to be beneficial for
sparking excitement and interest and in creating an atmosphere in which pupils
have choice and sense of self-determination, because they have a say on what,
when, and how to learn [Rennie et al., 2003; Renninger, 2007]. Motivation is
enhanced by the factors of an ideal informal learning experience such as a science
exhibition, which stimulates motivational factors [Perry, 1994; Tan and
Subramaniam, 2003; Rennie, 2014]: curiosity, confidence, challenge, control
(self-determined), play, and communication.

The positive effects of an informal environment for learning gains are, however, not
necessarily self-evident: they vary according to the pupils’ prior interest in science
and their readiness to take responsibility for setting goals for themselves
[Renninger, 2000]. The organization of the experience and environment may focus
on fun and enjoyment, but lack the scaffolding of reasoning and have a lack of
support for deepening the situational interest into a real desire to find out more
[Hidi and Renninger, 2006]. If the organization is successful, pupils can more
readily set goals that, in turn, develop and increase their science knowledge and
knowing.

The purpose of this research was to study knowing, learning, and especially the
role of uncertainty in gaining knowledge in formal (school) and informal (science
exhibition) science learning contexts.

The analysis was based on pre- and post-knowledge tests of 12 to 13 years old
pupils (N=2591) across six informal science learning contexts from Sweden, Latvia,
Estonia, and Finland. As a meta-study it comprises those six prior studies, but the
aim was to find out something more than just the sum of the earlier results. In the
six earlier reports, we focused particularly on the exhibition contents and only on
cognitive knowledge learning results. In the present article we wanted to
complement and explain those results by especially exploring the role of uncertainty
of knowing. The idea was to strengthen both the validity and reliability of the earlier
findings of the single studies by creating a synthesis of the magnitude and direction
of the effects of the variables [cf. Lipsey and Wilson, 2001] and characteristics
common to the six different informal science learning contexts.

We were keen to find out the portions of correct, incorrect, and uncertain (“don’t
know”) answers before and after the exhibitions and how they would vary within
and between the contexts and boys and girls. The learning contexts were STEM
(Science, Engineering, Technology and Mathematics education) exhibitions: Mars
and Space, Dinosaurs and Evolution, Augmented Reality, Hands-on Science, 4-D
Math and Discover the Natural Phenomena. The same research design was applied
in every context, and in this article the aim is also to evaluate whether our
theoretical presumptions about the intertwining of the motivational and cognitive
components with knowing and learning would hold. Five of the papers have been
published in peer-reviewed journals, and the sixth has been submitted.

Next we will explore aspects of knowledge and knowing in science education in order
to understand the role of uncertainty of knowing.

“Science is not only a body of knowledge, but also a way of knowing”
[Harris, 2002, p. 168]
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In the science education context it is useful to make a distinction between the
substantive knowledge (the subject matter knowledge) and the syntactic or epistemic
knowledge (the nature of science) [Anderson and Clark, 2011]. The latter supports
understanding science as being humanly generated and being apt to testing
[Rogers and McClelland, 2004], and prevents thinking of knowledge as frozen, final
facts that cannot be revised [Harris, 2002]. Epistemic knowledge relates the central
aims of science education, namely metacognitive awareness [Michalsky, Mevarech
and Haibi, 2009; Harris, 2002], thinking skills and reasoning [see Adey, 2006; Adey
et al., 2007; Demetriou, Spanoudis and Mouyi, 2011] and more broadly,
learning-to-learn approaches in several European countries [Csapó, 2007; Crick,
2007; Demetriou, Spanoudis and Mouyi, 2011; Hautamäki and Kupiainen, 2014;
Hoskins and Fredriksson, 2008].

Content is, however, crucial; and the depth of content knowledge has been found to
be an essential factor either in supporting or limiting the learning of scientific
reasoning [Brewer and Samarapungavan, 1991]. Teaching scientific reasoning only
in an abstract framework is highly questionable [Duschl, Schweingruber and
Shouse, 2007], and it should instead happen in the knowledge domains in which
students are at their strongest [Lehrer et al., 2001; Stewart, Cartier and Passmore,
2005; Passmore, Stewart and Cartier, 2009; Wiser and Amin, 2001]. Thus, as
Hernedez et al. state [2013], it follows that the content coverage forms one of the
central quality indicators of STEM education and schooling.

The main component of cognitive ability is the capacity to learn, embrace, and
remember knowledge once learned [Raven, Raven and Court, 2000]. The
contemporary view of science teaching emphasizes the awareness of pupils’ prior
knowledge, both content and meta-cognitive, as the central factor of learning.
These existing concepts and ideas can be more or less developed and either
beneficial or harmful for integrating new contents. [Duschl, Schweingruber and
Shouse, 2007; Harris, 2002; Schwarz and White, 2005]. Moreover, according to
Duschl, Schweingruber and Shouse [2007], it is essential to realize that if pupils are
not personally interested in scientific problems, they are less competent in
solving them.

Research results have shown that if differences have been found between boys and
girls in the cognitive domain, they have been small [cf., for review in Thuneberg,
Hautamäki and Hotulainen, 2014]. However, in mental rotation [Hyde, 2007],
combinatorial and proportional reasoning and propositional logic tasks [Meehan,
1984; Guðbjörnsdóttir, 1995], boys have been found to slightly outperform girls.
But there are some signs that girls are starting to catch up with boys, and even
outperform them in that are traditionally boys’, e.g., in mathematical literacy
[Vainikainen, 2014; OECD, 2014; Kenney-Benson et al., 2006]. Nevertheless, boys
still tend to be better in science [Kenney-Benson et al., 2006].

Knowing, not knowing and uncertainty of knowing

If a student knows something conclusively, guessing is unnecessary. But the
non-knowers have to guess, if the “don’t know” alternative is missing. They might
be tempted to guess even when that “don’t know” alternative is given. Based on a
review of Mondak and Davis [2002], there have been recommendations to avoid of
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a “don’t know” alternative in questionnaires, especially in the educational field. If
that alternative has been included, the respondents have been guided only to
choose this possibility if they were very sure of not knowing the answer.

There are two opposing views of applying the “don’t know” alternative. Those,
who advocate the so-called number-scoring method, i.e. offering only correct and
incorrect alternatives [Muijtjens et al., 1999], argue that a “don’t know” alternative
would cause cognitive noise: they think it is clearer just to calculate the correct
answers. Others, those favoring the formula scoring method think that adding the
“don’t know” alternative reduces guessing and measurement error and increases
reliability [cf. Muijtjens et al., 1999] and offers more accurate estimates of
knowledge [Sherman, 1976].

In the present study we included the “don’t know” answer option in the
knowledge tests and were particularly interested in its results. The hypothesis was
that this alternative would give some added information about science knowing
and learning, which only correct scores would not provide.

According to Mondak and Davis [2002] there are several interpretation possibilities
when the “don’t know” alternative is chosen. In our science study contexts the
possibilities would be:

1. Pupils actually knew the answer and were fully informed of the matter in
concern. They would have answered correctly, if there had not been this
“don’t know” option, which for some reason they nonetheless chose.

2. Pupils were less than fully certain; only partially informed. In the absence of
the “don’t know” alternative they would have taken the correct option and
being either correct or incorrect.

3. Pupils wrongly believed that they know the answer (i.e., are misinformed),
and would have answered incorrectly in the absence of the “don’t know”
alternative.

4. Pupils were uninformed, didn’t know, and chose the right or wrong answer
by guessing and chance.

These elements clearly appear in the informal learning environments. A huge
amount of information and knowledge, especially about modern phenomena, is
obtained during the lifespan from informal learning sources, like science
exhibitions [Braund and Reiss, 2007; Osborne and Dillon, 2008; Salmi, Thuneberg
and Vainikainen, 2016a]. These sources of certainty and uncertainty are, thus,
plenty and differ according to the individual. Moreover, the degrees of certainty
and uncertainty vary [Lindley, 2013].

Is an uncertainty of knowing a sign of a lack of confidence? Lundeberg [1992]
claims that “knowing what one knows and what one doesn’t know” has a key role
in learning. Calibration of confidence is part of that and implies a balance between
over- and under-confidence, and finding an appropriate state relying on realism.
Lundeberg [1992] observed that: males were overconfident and inappropriately so
when in fact they were incorrect; females did not in general lack confidence, but
this was dependent on the context.

https://doi.org/10.22323/2.17020201 JCOM 17(02)(2018)A01 4

https://doi.org/10.22323/2.17020201


In addition to those differences, cross-cultural factors are involved in uncertainty of
answering Atkins [cf. 2000]. In her early paper Sherman [1976], who thoroughly
analyzed “don’t know” answers in multiple choice science exercises also
mentioned demographic factors, such as parents’ education. She also found that
response style differences related, for example, to timidity, shyness, or lack of
motivation. According to her study, impulsive pupils would give more wrong
answers, and the self-confident, less uncertain, and anxious pupils more “don’t
know” answers. All in all, then, uncertainty of knowing varies as a function of
personality traits, such as self-confidence, risk taking and competitiveness [cf.
review of Mondak and Davis, 2002].

Is uncertainty of knowing a sign of an epistemic doubt [Chandler, Boyes and Ball,
1990]? This concept implies to an epistemological crisis in pupils when they grow,
drop their “absolutist” view of knowledge [Perry, 1970/1999], and figure out that
knowing and knowledge are relative and based on human interpretation. As the
National Research Council’s explanation [p. 174 2007] describes: “In this state, they
struggle with the erosion of their certainty and may lose confidence altogether that it
is possible to be certain about anything.” Results of a study from the late elementary
level to the middle level found that students changed from a single right answer
state to a dualistic view of science depending on interpretation and took on the
uncertainty which follows that view [Perry, 1970/1999; Driver et al., 1996]. One goal
of science education has been considered by the National Research Council [2007] to
be that pupils would learn both an appropriate sense of trust and reasonable skep-
ticism. They should be given opportunity to develop their personal understanding
and, in addition, to take a critical stance in evaluating scientific information
[National Research Council, 2007; Duschl, Schweingruber and Shouse, 2007].

The conflict between knowing and not knowing will at its best lead to intrinsic
motivation. Motivation in science education is essential both for the individuals
and for society. In the present study the aim is to base our approach of motivation
on a solid theoretical basis, which is explained below.

Motivation as a key-factor for informal learning

According to the literature [Falk and Dierking, 1992; Tan and Subramaniam, 2003;
Osborne and Dillon, 2008; Fenichel and Schweingruber, 2010; Salmi, Thuneberg
and Vainikainen, 2016b], the main outcomes and results related to informal
learning and especially about science center education are related to the effects of
motivation on learning. It is important to be able to predict how the pupils will
engage in science later in life [Woolnough, 1994].

The self-determination theory (SDT) applied in this study, provides a theoretically
validated and practically reliable measure of motivation [see Deci and Ryan, 1985].
It offers a dialectical framework for understanding how pupils’ inner resources and
the learning environment factors are interconnected. Learning environment can
either enhance or thwart intrinsic motivation and the integration of external
motives by means of autonomy supportive or controlling motivating style. [Reeve
et al., 2009]. These are essential factors in our meta-study, in which learning context
and especially informal environment form the basis of the analysis.
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The SDT theory defines motivation as a continuum [Deci and Ryan, 2002]: The
gradual move from amotivation (not motivated at all) to the external motivation
style, means that concrete incentives and avoidance of punishments act as
motivators. The next stage is introjected motivation, in which those incentives or
punishments are symbolic, and motivation is based on experienced pressure. In
turn, in identified motivation pupils accept external goals because they believe that
such goals are beneficial for learning. The most autonomous form of motivation, in
the end of the continuum, is intrinsic motivation. Here the task is interesting as
such and pupils engage because they like it.

When intrinsically motivated, no other person persuades the learner to learn. It
leads to deeper learning, creativity, higher achievement and more volitional and
greater persistence, especially on tasks, which require conceptual understanding
[Jang, Kim and Reeve, 2012; Reeve, 2002; Deci and Ryan, 2002; Niemiec and Ryan,
2009]. As Görlitz [1987] points out, play, exploration, and curiosity enhance a
child’s cognitive development. Externally, instrumentally motivated pupils, in
turn, have been found to learn ineffectively in informal learning settings
[Oppenheimer, 1968; Falk and Dierking, 2002; Holmes, 2011].

Educational research indicates that novelty is one of the principal factors in
encouraging learning [Berlyne, 1960; Braund and Reiss, 2004; Rennie, 2014]. A new
environment generates situation motivation [Braund and Reiss, 2004; Zoldosova and
Prokop, 2005]. It happens through curiosity, and it involves both external and
intrinsic factors. Situation motivation is short-lasting, attention tends to be
orientated to irrelevant subjects, and learning can easily lead to superficial results
[McClelland, 1951; Atkinson, 1964]. However, it also enhances active observation
behavior and the use of the five senses. Moreover, situation motivation is
connected with attractiveness, and it is found to be one of the keys explaining visitor
behavior and learning in an exhibition context. It is the first step into deeper
learning described as holding power [Screven, 1992]. One concrete indicator of the
holding power is how much time pupils intensively spend in the hands-on
demonstration in an interactive exhibition [Fenyvesi, Koskimaa and Lavicza, 2014].
However, in order to achieve the goal of transforming external regulations into
internal engagement and further into self-endorsed engagement, the crucial factor
is experience of autonomy, as the SDT-theory posits [Reeve et al., 2009].

The six science exhibition contexts of this meta-study that represent different
hands-on-demonstrations are explained next.

The six contexts of knowledge tests

The research contexts were six modern, interactive science center exhibitions with
the topics of Mars and Space, Dinosaurs and Evolution, Augmented Reality, 4-D
Math, Hands-on Science and Discover the Natural Phenomena. The exhibitions
were different and had different main topics. However, they had a firm common
ground and were based on the same approach of science center pedagogy:
hands-on opportunities, interactive exhibitions, and applying modern technology
to concrete objects [Oppenheimer, 1968; Falk and Dierking, 1992; Rennie, 2014;
Salmi, Thuneberg and Vainikainen, 2016b].
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The exhibitions were partly touring in various sites and partly in one institutional
location. The main idea of this article is to reveal the elements and phenomena that
are the same or similar across the exhibition contexts and not dependent on topic
and subject.

Research
questions

The research questions were as follows:

1. How much does knowing and uncertainty vary within and between the six
different science exhibition contexts?

2. Do the pupils learn: did the portion of correct, incorrect and uncertainty of
answers change between the pre- and post-tests?

3. How well do the cognitive and motivational variables and gender predict
change of correct and uncertainty of answers within and between the
exhibition context SEM-models?

The main focus was on knowing, knowledge, and growth of knowledge, but
particularly on uncertainty aspect of the knowledge. The purpose was to evaluate
whether our theoretical presumptions of the effects of the motivational and
cognitive components on knowing and learning would be confirmed. This was a
realistic goal because similar design and instruments were applied within all six
science and math contexts before. The hypothesis was that some learning would
happen, even though the visits were short. In order to confirm the hypothesis,
results of different exhibition contexts should not deviate greatly from each other.
Deviation would, in turn, show that the roles of motivation, cognitive reasoning,
and school achievement on learning were more dependent on content and context
than generalizable to science learning overall. Based on social research literature
and previous research, the results were expected to be limited and the effects small
[Lipsey et al., 2012; Rosnow and Rosenthal, 2003].

We regard autonomous motivation as long-lasting and a relatively stable construct
and expected it to have a connection with school achievement and learning results.
The literature and in the individual six studies of this study showed this to be the
case [cf. Deci and Ryan, 2002; Vainikainen, Salmi and Thuneberg, 2015; Salmi,
Thuneberg and Vainikainen, 2016a; Salmi, Thuneberg and Vainikainen, 2016b;
Salmi, Thuneberg and Vainikainen, 2016c]. A further hypothesis was that
autonomous motivation will predict transient situation motivation. Pupils who
had lower autonomous motivation were expected to perform less well in the
knowledge tests because they focused on a ‘fun’ experience rather than on
acquiring new information or skills [cf. Holmes, 2011]. They were also expected to
show more uncertainty, by having more “don’t know” answers than others [cf.
Mondak and Davis, 2002]. Along with motivation, reasoning, and past
achievement were assumed to predict knowing [cf. Michalsky, Mevarech and
Haibi, 2009; Raven, Raven and Court, 2000].
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Method Participants

The participants in 4D-Math exhibiton were from Sweden (n=542) and Latvia
(n=408), in the Discover the Natural Phenomena exhibition from Estonia (n=324)
and Latvia (n=272). In the rest of the exhbitions all the participants were from
Finland: in the Hands-on Science (n=432), in Dinosaur and Evolution (n=322), in
Mars and Space (n=144), and in Augmented Reality exhibition (n= 147). In total
there were 2591 participants in the sample (n=1278 boys and n=1313 girls).

The pupils were 12 to 13 years old and were chosen mainly because the exhibition
planners saw this as being the main target group of the exhibition’s educational
purposes. In addition, the formal school curriculum of this age group fit best for
bridging the gap between formal education and informal learning.

Overall, in these four countries the national curriculum offers degrees of freedom
for the teachers to organise learning experiences in informal settings and in the
open learning environments. The schools were selected by a random sample from
the schools which had preregistered for the mobile exhibition. According to the
long-term, big data surveys from the Scandinavian countries, no major social and
demographic differences were expected. (As a matter of fact, in Finland the
differences between the schools are smaller than even within the schools; cf.
Thuneberg, Salmi and Vainikainen [2014] and Vainikainen, Salmi and Thuneberg
[2015]).

The schools agreed to take part in the research, and the permissions were received
from the parents and schools according to the local laws and common ethical
research principles. The pupils were told that the results were confidential and
would not have an effect on their school grades.

The idea of the research project was that the teachers would not prepare their
pupils for the exhibition visit in order to avoid different types of intervention in the
process. This was underlined for the teachers. In addition, the pre- and post-tests
were administrated by an external reasearch assistants and not by the classroom
teachers.

Measures

Equal instruments were administered in the five science learning contexts.

Pre- and post-test for topic-specific knowledge

The knowledge test was developed for the present study based on the content areas
of the science exhibition contexts:

1. Hands-on Science. Examples of the statements: Different objects are placed on a
horizontal plane. When the plane is tilted, it is always the lightest objects that
start gliding first. / An adult human being has approximately 1,5 litres of
blood in his/her body.
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2. Dinosaurs and Evolution. Examples of the statements: Human beings and
dinosaurs have existed for a short period simultaneously in the history on the
Earth.

3. Mars and Space. Examples of the statements: The gravity is weaker on the planet
Mars than on the Moon.

4. Augmented Reality: Examples of the statements: “The molecules in the air are
moving faster when heated.”

5. 4-D Math. Examples of the statements: “A pyramid floor has four corners.”

6. Discover the Natural Phenomena. Examples of the statements: “Burning produces
oxygen”.

The topic-specific knowledge tests were piloted with samples between 25–50 pupils
to ensure that they were valid; not too easy or too difficult. The tests were
administrated to the subjects one week before the science center visit and again
about 7–13 days after the visit. The pretests’ duration was 60 minutes, and tests
were administrated during two school lessons with a break to avoid a too heavy
cognitive loading. The post-test lasted only 30 minutes.

The pupils’ task was to judge whether the statements were correct or incorrect. The
characteristic feature of the approach of present study was that the students also
had the option to say that they do not know the answer. The answering options to
the statements in the test were 1= true, 2 = untrue, 3 = I don’t know. Pilot testing
and their analyses using Item Response Theory revealed that some very difficult
items had poor discrimination value, so they were omitted from further analyses.
The final test scores for pre- and post-test were calculated by summarizing the
remaining items.

The knowledge measures showed to be reliable. The reliabilities for the tests were::

Hands-on Science, pre-test: α = .92, 59 items, posttest: α = .93, 59 items;

Dinosaurs and Evolution, pre-test: α = .92, 59 items, posttest: α = .93, 59 items;

Augmented Reality, pre-test: α = .72, post-test: α = .77, 31 items;

4-D Math, pre-test: α = .82, post-test: α = .89, 27 items;

Discover the Natural Phenomena, pretest: α = .78, post-test: α = .76, 21 items;

Mars and Space, pretest: α = .87, post-test: α = .89, 33 items.

Deci-Ryan Motivation

In the six exhibition contexts, testing students’ motivation was based on
Self-determination theory (SDT). The Deci-Ryan scale was administrated as a
pre-test because, theoretically, after a one-day intervention, there should be no
major changes in overall motivation, which is related to the whole personality.
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The Deci-Ryan Motivation (SRQ-A: Self-Regulation Quality — Academic) scale has
32 standardized items. Each of them has four answering options: 1 = not at all true,
2 = not nearly true, 3 = somewhat true, 4 = totally true. The summative variables
locate themselves to the self-determination continuum in the following order:
External, Introjected, Identified, and Intrinsic.

The SRQ-A test includes a formula created by the Deci-Ryan research group [Ryan
and Connell, 1989], and based on this formula, the RAI Relative Autonomy Index,
was calculated. The RAI describes the overall autonomy level experienced by the
pupils. In this study, the RAI was used as the indicator of autonomous motivation.
The positive sign in RAI indicates that the experience is rather autonomous,
negative that one depends on others.

Situation Motivation test

Situation motivation was measured with a questionnaire consisting of 13 Likert
scale items (scale 1–5, totally agree — totally disagree). The questionnaire was
administered as a post-test only. This test provided information about how
attractive the exhibition was to the students.

Raven test

The cognitive measure was a visual reasoning and learning capacity test: Raven
Standard Progressive Matrices [Raven, Raven and Court, 2003]. This test has been
widely utilized both in practice and theoretical research [Greenfield, 2009].
According to the test theory [Raven, Raven and Court, 2000, pp. 1–2], the main
elements in the common cognitive ability are the capacity to learn and the capacity
to embrace and remember the knowledge once learned. The Raven test measures
non-verbal cognitive skills, the particular ways in which people apply their minds
to solving problems. Many researchers suggest that thinking skills are essential to
effective learning. One of the researchers Adey [2006] claims based on long-time
Cognitive Acceleration project results that developing higher order thinking skills
in science will improve general intellectual ability, and help pupils get more out of
learning and life. For example Greenfield (in the thematic issue of the Science
1/2009) considers the Raven test a useful method in relation to thinking skills.

It provides a reliable standardized tool for comparing the individuals’ learning
abilities compared to the representative age group, irrespective of sex.

In each test item, the subject is asked to identify the missing element that completes
a pattern. The test contains sixty items that have been divided into five sets (A, B,
C, D, E). Each of these groups contains twelve different tasks.

School achievement

The school achievement variable was the summary of the four school grades
(physics, chemistry, mathematics, and mother tongue) provided by the teachers.
Mother tongue was included because of the shown relevance of reading
comprehension in science learning [cf. Snow, 2010]. The pupils were classified into
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three categories according to their school achievement level: A+ (above average
school achievement, 25% of the pupils in each class); A (average achievement, 50%
of the pupils), A− (below average achievement, 25% of the pupils). Boys showed to
be overrepresented in the lowest, girls in the highest achieving group,
χ2(df2)=15.40, p < .001, when all exhibition contexts were analyzed as a total.

Analysis methods

Because we could not enter all the knowledge variables — the correct, incorrect,
and “don’t know” answers — simultaneously to the SEM-model (because the result
would have been total linear combinations from each other), we studied the change
between the pre- and post-test also by GLM repeated measures method and the
incorrect answers only that way. As the measure of effect-size we used partial η2

coefficient, which does not deviate from the recommended generalized coefficient
in analysis when using only one grouping factor [Bakeman, 2005]. For illuminating
the pre- and post-test levels by gender and exhibition context we obtained
confidence-interval plots. Without them the interpretation of the learning gains
would have been problematic [see Becker, 2000].

In order to answer the third research question we used the structural equation
modeling SEM (AMOS 22). By SEM we wanted to find out how the observed data
would confirm the theoretically based connections. The autonomous motivation
(RAI), sex, cognitive reasoning and school achievement were used as covariates to
control their effects on measured knowledge variables (correct answers and
uncertainty of knowing in the pre- and post-tests) and situation motivation, which
was only measured by a post-test. We also wanted to see whether a same model
would fit across all exhibition contexts, and to test that used exhibition context as a
moderator. To obtain these goals, we used the parametric bootstrapping method
and the Bollen-Stine method. The goodness of fit evaluation of the models was
based on a χ2-test and several goodness of fit indexes. By SEM it is possible to
observe the stability or the level of change of knowledge and find out whether this
is similar for the different sexes. The invariance was tested also by using sex as a
moderator.

The overview in Table 1 presents the paths from 1) the research questions to, 2) the
operationalized measures and to, 3) the analysis methods for obtaining the results
and to, 4) the effects-sizes to evaluate statistically their meaning and value.

Missing values

In the data from the six exhibition contexts there were on average 5% missing
values (most in the 4-D math knowledge tests: 16%). [In the 4-D math exhibition
context school achievement was not measured]. The list-wise method was used to
remove the cases with missing values in the SEM path analysis, because the
bootstrapping method requires it.
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Table 1. Research questions and related measures, analysis methods and effect-sizes.

Research questions Measures Analysis methods Effect-size
How much does
knowing and
uncertainty vary
within and between
the six science
exhibition contexts?

Pre- and post-knowledge
tests (three alternatives
in each question: correct,
incorrect, don’t know)

Comparison of portions of correct, incorrect and
don’t know answers by MANOVA using exhibition
context and sex and their 2-way interactions as the
fixed factor terms. For graphic presentation of pre-
and post-test means: 95% confidence interval
plots.

Partial
η2 > .01 small,
> .06 middle, > .14
large

Do the pupils learn:
does the portion of
correct, incorrect
and uncertainty of
answers change
between the pre-
and post-tests?

Pre- and post-knowledge
tests (three alternatives
in each question: correct,
incorrect, don’t know)

Comparison of the change between pre-and
post-tests by GLM Repeated measures.

Partial
η2 > .01 small,
> .06 middle, > .14
large

How well do the
cognitive and
motivational
variables and
gender predict the
change of correct
and uncertainty of
answers within and
between the
exhibition context
SEMmodels?

1. Pre- and
post-knowledge tests
(three alternatives in
each question: correct,
don’t know).
2. Relative autonomy
experience test (RAI,
relative autonomy index)
3. Visual reasoning test
(Raven)
4. School achievement
score based on science,
math and mother tongue

SEM, path-analysis (by AMOS 22) of direct and
indirect effects. Sex, reasoning, relative autonomy
and school achievement were used as covariates
and predictors on correct and uncertain answers
in pre- and post-knowledge tests and on situation
motivation. The prediction of the pre-knowledge
test results on the post-tests and situation
motivation on the post-knowledge tests.
Application of parametric bootstrapping and the
Bollen-Stine method, which produces corrected
p-values also for indirect effects [Bollen and Stine,
1992]. The goodness of fit evaluation of the models
based on a χ2-test (p > .05) and several indices:
NFI and CFI (good fit > .90, or better > .95),
RMSEA reasonable fit > .08, good fit > .05 [see
Byrne, 2009]. For testing the invariance of the
models across a) exhibition contexts and
b) boys/girls, comparison of the unconstrained
and fully constrained overall model by χ2-test and
in case of non-invariance pair-wise comaprisons of
the regression weights (paths) between the
models: z-test.

Standardized β
coefficients,
R2-multiple
correlations for the
explained total
portion on the
knowledge and
situation
motivation
variables.

Results The confidence interval plots of knowledge variables (correct, incorrect and
uncertainty of answers) are presented by exhibition context and sex, and the
significance indicated by stars.

Changes in knowledge from pre-test to post-test

The main result was that in all studies the change of the correct answers was
positive and significant, the correct answers increased: Mars and Space (p = .000,
η2 = .12); Discover Natural Phenomena (p = .005, η2 = .013), Dinosaurs and
Evolution (p = .002, η2 = .03), Augmented Reality exhibition (p = .000, η2 = .107),
4-D Math (p = .000, η2 = .02), and Hands-on in Science (p = .000, η2 = .411).
However, in the Hands-on in Science the interaction effect (p = .001, η2 = .03)
complicated the interpretation, and the analysis showed that the change was less
powerful in the boys’ group: (p = .000, η2 = .31), than for the girls, (p = .000,
η2 = .51).
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Differences between boys and girls 
 

Pre Correct: Augment**, Hands on***, Dino*** 

Pre Incorrect: Hands on**, Dino**, Mars**, Math*** 

Pre Uncertain: Augment*, Hands on***, Dino***, Mars* 

Post Correct: Dino*** 

Post Incorrect: Discover*, Augment* 

Post Uncertain: Hands on*, Dino*, Math* 

 
 

Figure 1. Correct (above left), incorrect (above right) and uncertain (below left) knowledge
results of pre- and post-tests by exhibition context and gender. (*** p < .001, ** p < .01,
* p < .05).

In the case of uncertainty the main result was that it decreased in all exhibition
contexts. The change was simple in three of the contexts: Dinosaurs and Evolution
(p = .017, η2 = .017), Mars and Space (p = .000, η2 = .082), and 4-D Math,
(p = .000, η2 = .02). However, there were significant interaction effects: in
Discovery of Natural Phenomena (p = .028, η2 = .008) the change was
non-significant for boys (p = .134), but highly significant for girls (p = .000,
η2 = .100); in Hands-on in Science (p = .001, η2 = .027) the effect was much smaller
for boys’ (p = .001, η2 = .047), than for girls’ (p = .000, η2 = .236); and in
Augmented Reality (p = .000, η2 = .042) the effect was non-significant in boys
(p = .35), but for girls significant (p = .000, η2 = .260).

The change of incorrect answers was not uniform. The change was nonsignificant in
the Mars and Space, Dinosaurs and Evolution, 4-D Math and Space and
Augmented Reality exhibitions. In two cases there were interaction effects due to
time and sex. In the Hands-on Science (p = .006, η2 = .018) the number of incorrect
answers dropped significantly, but the effect was larger within the girls’ group
(p = .000, η2 = .59) than for boys (p = .000, η2 = .42). In the Discovery of Natural
Phenomena exhibition (p = .002, η2 = .016) the change was non-significant within
the boys’ group (p = .644), but significant within the girls’ group (p = .000,
η2 = .05), in which the amount of incorrect answers increased.
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SEM Path analysis

Path modeling was conducted in Amos 22 in order to find out whether the
observed data would confirm the theoretically based connections in relation to the
research questions. Autonomous motivation (RAI), sex, cognitive reasoning
(Raven), and school achievement were used as covariates to control their effects on
measured knowledge variables (Correct answers in timepoint 1 and 2, Uncertainty
of knowing time-point 1 and 2) and Situation motivation, which only was
measured as a post-test. The final model containing only significant effects showed
to fit the data well: χ2 = 39.612, df 30, p = .113; NFI=.993 , CFI=.998; RMSEA=.014.
[NB: The 4-D Math context was compared with other contexts by a model not
containing school achievement]. The invariance test, exhibition context as the
moderator, showed that the contexts were different at the model level (p < .001),
and thus the path differences between the models were checked path by path
(results, see Table 2). Similarly the gender groups were different at the model level
(p < .05) and the paths were compared between the boys and girls.

Figure 2 presents the path model synthesis of the six science exhibition contexts.
The figure illuminates which paths are most commonly significant within the
individual models. Information of the significant effects are marked by arrows and
the control variables and their correlations shown by the double arrows. The red
arrows indicate effects which are significant at least in 4 to 6 exhibition contexts, the
black arrows show significant effects in 3 contexts, and the dashed line arrows
indicate significant effects in 2 contexts. The magnitude of the paths (the
standardized beta-coefficients as the statistical indicators), are presented in Table 2.

The path differences between the 5 exhibition context models were obtained by
pairwise comparisons (4-D Math not included). Although there were differences,
the sizes of the effects in 70% of paths did not differ significantly. In those situations
in which a predictor only in one to three exhibition context models was significant,
the difference between the studies only occasionally reached significance.
Furthermore, in only three instances there was an inconsistency between the sign of
the coefficients of the predictors. Most of the significant differences appeared in the
path from the relative autonomy experience (RAI) to Situation motivation, in which
all predictors, indeed, were significant within the exhibition contexts; but the
predictor in the case of Discover Natural Phenomena exhibition was smaller than
the others. Furthermore, with the exception of one study, there was an effect from
situation motivation on the correct answers in the posttest.

In the following sections, the relationships between the variables are explained in
more detail.

Knowledge from pretest to posttest

The result of the SEM-modeling is that previous knowledge clearly predicted
correct answers also later, in the posttest. In Hands-on Science the prediction was
stronger than in other exhibition contexts, and in the 4D-Math and in Discover
Natural Phenomena exhibitions weaker. Similarly uncertainty of knowing
explained uncertainty in the later situation. Moreover, the less correct answers, the
more often there were uncertain “don’t know” answers. However, the prediction
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Correct Know T1 Correct Know T2   
Relative 
Autonomy (RAI) 

School 
achievement 

Cognitive 
reasoning 
(Raven) 

Gender 

Uncert Know T1  Uncert Know T2  

+ 

+ 
+ 

+ 

+ 

- 

- 

- 

Situat.Motivation 

Figure 2. Path model synthesis of the six science exhibition contexts. Note! Red=significant
effect in 4–6 exhibition contexts, Black=in 3 contexts, Dash line=2 contexts.

was lower in all exhibition contexts in the post-test than in the pre-test situation.
The correct answers in the pretest somewhat predicted directly and negatively
uncertainty in the posttest in all exhibition contexts.

Sex

Being a boy predicted correct answers in three out of six exhibition contexts studies
(Augmented Reality, Hands-on Science and Dinosaurs and Evolution). In the
posttest the effects were smaller. In the pre-test being a girl directly predicted
uncertainty of knowing in three out of six exhibition contexts (Dinosaurs and
Evolution, Mars and Space and 4-D Math).

In the post-test there was only one weak direct effect (4-D Math). In the case of
Mars and Space, being a girl positively predicted situation motivation.

Because the invariance test showed that sex was a significant moderator, the
regression weights (paths) were compared between the boys and girls. The path by
path comparison revealed three significant differences: in the girls’ group there
were higher effects than in the boys’ group: a positive effect of school achievement
on correct pre-knowledge (z=2.07, p < .05), a negative effect of Raven on
pre-uncertainty (z=-3.175, p < .05) and a negative effect of pre-uncertainty on
Situation motivation (z=-2.112, p < .05).
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Table 2. The significant standardized regression weights of direct effects and path differ-
ences within (marked by stars) and between the exhibition contexts (grey shading).

St. regression weights Discovery HandsOn Augment Mars Dino Math
St β St β St β St β St β St β

Correct T1 <- sex −.21** −.30** −.22**

Correct T2 <- sex −.10*

Uncertain T1 <- sex .15** .07* .07*

Uncertain T2 <- sex .03*

Correct T1 <- RAI .09* .23**

Uncertain T1 <- RAI −.05* −.15*

Correct T1 <- Raven .11* .11* .17** .10**

Correct T2 <- Raven .19** .11** .13**

Uncertain T1 <- Raven .07* −.12*

Situat motiv <- Uncertain T1 −.23*

Correct T1 <- Situat motiv −.12* .29* .12*

Correct T2 <- Situat motiv .12** .18* .19** .17**

Uncertain T2 <- Situat motiv −.05* −.08* −.11

Correct T1 <- School Ach .16** .19** .32**

Correct T2 <- School ach .12**

Uncertain T1 <- School Ach .06* .07* −.09*

Uncertain T2 <- School Ach −.12*

Correct T2 <- Correct T1 .34** .62** .47** .58*** .41** .29***

Uncertain T1 <- Correct T1 −.76** −.82** −.60** −.80*** −.83** .88***

Uncertain T2 <- Correct T1 .23** .28** .19** .22* .33** .25***

Correct T2 <- Uncertain T1 −.17** −.19* −.18**

Uncertain T2 <- Uncertain T1 .54** .65** .51** .53*** .51** .39***

Uncertain T2 <- Correct T2 −.56** −.60** −.51*** −.61*** −.71** −.82**

Situat motiv <- Raven .10* −.29***

Situat motiv <- RAI .08* .21** .21** .16* .23** .11***

Note! The significant direct effects within each exhibition context * p < .05, ** p < .01, *** p < .001.
Math context has been compared with others by a model not containing school achievement.

Cognitive reasoning

Cognitive reasoning had a significant role in all exhibition contexts except for
Augmented Reality and Mars and Space on correct answers. After controlling for
the effects of the other variables in the pretest situation, cognitive reasoning still
had a positive effect on the correct answers in the posttest in half of the exhibition
contexts.

Cognitive reasoning was related to the uncertainty of answers, as well. In the
pretest, the two weak effects, however, were contrary: one negative and one
positive. The direct effect of the exhibition context (Hands-on Science) indicates
that the higher the cognitive reasoning, the more uncertain answers there were; for
the other effect (in Mars and Space), in turn, the higher the reasoning, the less
uncertain the answers. In the post-test there were only indirect negative effects.

Cognitive reasoning had a negative effect on situation motivation in Mars
and Space.
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School achievement

Besides sex and cognitive reasoning, also school achievement predicted correct
answers, the coefficients being higher than in the case of cognitive reasoning.
School achievement predicted the correct answers in the post-test only in one
exhibition context. In the case of the uncertainty of answers, there were small direct
effects in the pretest, one negative (Dinosaurs and Evolution) and two positives
(Discover Natural Phenomena exhibition, Hands-on Science). On the post-test
uncertainty of answers, there was only one direct, negative effect (Mars and Space)
[NB: School achievement was not included in the 4-D Math exhibition model].

RAI

All relative autonomy (RAI) predictions on the correct answers were positive. There
were two direct effects in the pretest (in Hands-on Science and Mars and Space).
The effects of RAI on uncertainty of answers were all negative. In the pretest there
were two direct effects, but in the posttest only indirect effects in every exhibition
context.

RAI predicted situation motivation directly and positively in all exhibition contexts.

Situation motivation

Situation motivation positively predicted the post-test correct knowledge results in
all but the Discover Natural Phenomena exhibition. It also predicted negatively,
directly and/or indirectly, posttest uncertainty of knowing in all exhibition contexts.

Discussion Uncertainty as part of multiple-choice questionnaires has, indeed, a firm
methodological tradition especially in large-scale studies, but that is not the case in
the informal science learning context. The novel findings and the added value
applying the meta-study concept relates to previously unexplored area of
uncertainty of knowing and its change.

The first aim was to find out how much science knowing and uncertainty vary
within and between the six exhibition contexts. The six STEM contexts tell the same
story despite different exhibition contents.

The main discovery of this meta-study was that the results are quite uniform: most
effects were in a relatively similar size range. There were, indeed, some single and
inconsistent effects (negative vs. positive), but they seem not detract from the
general picture. The cautious conclusion is that our research design, measures and
model were cross-validated in a manner which can have theoretical and practical
value for the planning of informal science education.

Pupils knew more

Our second question asked whether the pupils learned between the pre- and the
post-tests. The results uniformly showed that one of the main goals of the science
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exhibition interventions was realized: in every exhibition context the pupils
learned based on the significant increase in the number of correct answers. There
was a moderate to large effect of correct answers on the pretest to correct answers
on the posttest depending on the exhibition context. This effect shows that the
more the pupils knew beforehand, the more they knew also after, which supports
the findings of the importance of prior knowledge on successful learning cited in
the Introduction [Duschl, Schweingruber and Shouse, 2007; Harris, 2002; Schwarz
and White, 2005].

A positive result was that the learning effects were larger than expected [cf. Lipsey
et al., 2012; Rosnow and Rosenthal, 2003], even though there was some variation
and some of the exhibitions were more effective than others.

Pupils were less uncertain of knowledge

Overall, the pupils were significantly less uncertain after the exhibition, despite the
finding that the pre-test uncertainty rather often predicted the post-test situation.
The amount of uncertainty variation in the pre-test was totally around 22% and the
post-test 19%. So compared to the pre-test there were 14% less uncertain “don’t
know”-answers after the exhibitions. This indicates that science exhibitions allow
pupils to test by their own hands-on experimentation the basics of the knowledge,
which then reduces uncertainty. In addition, they also answer more correctly after
this experience.

Most uncertainty was gathered in 4-D Math and the least in Augmented Reality in
both pre- and post-tests. In addition to the mentioned explanations for the
uncertain answers, there might also be technical reasons relating to the
test-instrument and the questionnaires. Muijtjens et al. [1999] pointed out that the
relatively large portion of uncertainty answers might imply that some of the items
would actually not belong to the domain of the test, or the formulation of the
questions has not been successful. The advantage including the “don’t know”
alternative on a pilot study questionnaire might, thus, further support the planning
of teaching and assessment.

Exception of the rule

The results relating to our second question about the change the amount of correct,
incorrect and uncertain answers were, however, somewhat mixed. Questions arise
because, although in general the pupils learned and uncertainty decreased, an
exception to the rule emerged. In one of the studies the decrease of uncertainty of
the girls’ group changed partly and significantly into false learning (i.e. into
incorrect answers), and not only to correct ones. This is interesting, because it leads
one to consider and look at the learning process and its possible distraction.

Shulman [2005] claims that when uncertainty is present, one has to learn from
experience. The science exhibition provides opportunities for exactly that.
However, it might be possible that the hands-on experimentation has for some
reason not succeeded, has been interrupted, or possibly there has not been
sufficient scaffolding for interpretation of the experiment results. Then they might
be more than others apt to believe they have learned, even though their answers
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are incorrect. Their balancing of confidence [cf., Lundeberg, 1992], thus, seems not
to have succeeded in relying on a realistic basis. Fortunately the main tendency
according to the overall results of the exhibition contexts was that uncertainty made
space for correct knowing.

Autonomy supported knowing and decreased uncertainty

The answer to the third research question of the role of motivation and cognition as
predictors on knowing seems logical. Both motivation and cognitive reasoning
were shown to support knowing, and they still had direct added value in the
post-test, as well.

It was common to all exhibition contexts that relative autonomy predicted situation
motivation. The more autonomous or motivated by the situation the pupils were,
the higher were their scores of correct answers they received in the knowledge tests
after the exhibition experience. This confirmed a considerable amount of previous
evidence [Jalil et al., 2009; Lavigne, Vallerand and Miquelon, 2007]. Pupils having
lower autonomous motivation correspondingly performed less well. This, maybe
because, based on the literature, they are not able to set effective goals for
themselves, and might focus rather on having fun than on learning new
information or skills. They were also expected to show more uncertainty (i.e.
“don’t know” answers), than others, which was only weakly true in the pretest, but
indirectly met the expectations.

“Don’t know”-alternative was not harmful for high-achievers

Some earlier studies [cf. Bliss, 1980] relating to the elementary level have suggested
that including the “don’t know” alternative would be more harmful for
high-achieving students than for others, but at least the results of Muijtjens et al.
[1999] from the college level did not support this prediction. We discovered only a
weak evidence of effects of the cognitive and school achievement variables on
uncertainty in general. Of the totally six effects, half were positive and half
negative and, thus, contradictory.

Based on these results, we conclude that our hypotheses concerning the positive
role of motivational and cognitive variables on correct knowing were confirmed,
but they lack justification in the case of cognitive variables on uncertainty of
knowing.

The exhbitions especially supported girls

We also asked, whether the sex of the pupils predict knowing, learning, and
uncertainty in learning. Some differences in favor of boys have earlier been
observed in mental rotation, combinatorial and proportional reasoning, and
propositional logic tasks. In addition, a somewhat new trend has showed that girls
are challenging the traditional areas of competence of boys. However, the overall
result has been that there are no essential differences in cognitive reasoning and
this was also confirmed in the present study, although a few weak correlations
appeared to favor girls in Raven. So we can conclude that the outcomes of the
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knowledge results are to be explained largely by the motivational factors, degree of
autonomous self-regulation, interest and situation motivation (in case of interest,
see Vainikainen, Salmi and Thuneberg [2015]), and in the ways pupils find meaning
in the science subjects and experience the relevance of the informal environments
for themselves, as Duschl, Schweingruber and Shouse [2007] suggested.

The results found that in relation to science knowing, boys were in a more
advantageous position before the science exhibition in three out of the six exhibition
contexts (in the rest of the studies there were no significant differences), so their
knowledge level was higher than that of girls. The differences leveled in the post-
test situation. There, the effects were mostly indirect, meaning that they were now
dependent on previous knowledge, uncertainty, or situation motivation results;
only in the case of Dinosaurs and Evolution did the results still directly favor boys.

Because the girls were more autonomous than the boys in all exhibition contexts, it
could be that they were taking advantage of the informal learning environment and
catching up with the boys.

Girls were still more uncertain

Based on the analysis of variance, the girls were clearly more uncertain in the
pre-test than boys in four out of six exhibition contexts. But when the other factors
— relative autonomy, cognitive reasoning and school achievement — were
controlled by SEM-modeling, there were only two of that kind of significant direct
effects. In the post-test there were, however, indirect effects in all but one case still
indicating the greater uncertainty of girls.

Considerations and limitations of the study

The six science exhibtions can be described as pedagogical interventions. The
learning gains cannot be hypothesized to be substantial, because there was only
one visit. The studies were not controlled experiments with experiment and control
groups and, thus, it is impossible to draw certain conclusions from the factors that
led to learning gains. There were also four countries in which the exhibitions and
tests took place, and cultural influence has to be taken into account when
interpreting the results. Thus, the science exhibition effects could not be observed
in isolation from those mentioned and other happenings at same time at school. It
seems reasonable to conclude that the effects may be, at least to some degree, due
to the common features of science exhibitions as six studies indicate similar results,
and almost no contradictions in the results appeared.

As Visone [2010] comments about standardized tests, the individual test items can
include specific characteristics which influence the performance of students.
However, dealing with individual items was not possible in the present study of
true, untrue and I don’t know-answers due to the nature of the study design.

The use of alternatives 1 = true, 2 = untrue, and 3 = I don’t know turned out to be a
practical way of measuring the uncertainty in knowing. However, this approach
has also several limitations, because there is always varying degrees of confidence
in certainty of the answers of the pupils. It would have been possible to create a
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questionnaire in which the pupils could have had an opportunity to express the
degree of their uncertainty, but the weak side of this would have been the
complexity and cognitive loading for young pupils. This report took into account
the two opposing views of applying the “don’t know” alternative: number-scoring
method vs. formula scoring method [Muijtjens et al., 1999; Mondak and Davis,
2002] as explained in detail earlier in this article. This dilemma is also a challenge
for the future studies in this area.

Conclusions Uncertainty of knowing is a rather unexplored area in informal science education.
There are at least two main, rather contrary views, relating to the uncertainty,
which are especially applicable in informal context. The first one causes us to
consider whether the “don’t know” answers relate to rather negatively experienced
personality traits, such as anxiety, insecurity in general, or timidity. In addition to
demographic variables, sex, ethnicity or, for example, parents’ education may
correlate with these phenomena. From the other perspective, it is possible to
conclude that uncertainty might reveal confidence (“I’m bold enough to say, I don’t
know”, or “I’m aware that there can be other possibilities and in science it can be a
question of interpretation rather than fixed facts, as I formerly thought”). The latter
view could also imply more developed metacognitive skills and knowledge about
knowledge and epistemic knowledge.

In the science and math exhibition contexts uncertainty of knowing was thought to
be a rather harmful sign of possible partial or incorrect knowledge. Uncertainty
was, thus, to be merely experienced as a lack of confidence, lack of knowing, and
lack of enough experience to decide. It was also a way to reduce guessing. The
logical aim was then to increase the confidence of the pupils by letting them
autonomously explore and observe by their own experience and in a hands-on way
the phenomena and manipulate the situations in order to cause and analyze change
and through that to understand the matters better.

Confidence was assumed, in addition, to be built on personal concrete experience,
on wise scaffolding provided by the teachers/exhibition guides and, crucially, on
peer-interaction and collaborative group-discussions.

“Relativity is out there waiting to be revealed” [Lindley, 2013, p. XIV]

But the other side of the coin is that uncertainty and doubt are inherent elements of
scientific enquiry and, thus, related to metacognitive awareness, thinking skills and
reasoning. If one then assesses uncertainty, is it possible that it might be — at least
in some cases — a sign of epistemic doubt [Chandler, Boyes and Ball, 1990]: a matter
of emerging critical thinking, self-reflection and weighing of whether one has
sufficient evidence to decide, rather than just stating facts as being final. This latter
view can offer some explanation about the rather baffling results: unexpectedly
there was an effect in all six exhibition contexts that implied that to some degree the
correct knowledge in the pre-test directly predicted more uncertainty in the
post-test. As this was common to all exhibition contexts, it is unlikely to be a
coincidence. Further, the weak but direct effects in some exhibition contexts
indicated higher uncertainty when there was higher cognitive reasoning ability or
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school achievement at stake. The real explanation remains open, but we suggest,
that not all uncertainty is for ill in learning. Thus, provoking epistemic doubt can be
considered an essential and plausible task for informal science learning.
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